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ON THE

PHYSIOLOGY 

OF THE

MECHANICAL ACTION OF THE HEART.

To the Editor of THE LANCET.
SIR :&mdash;The following paper, read on the

7th inst. before the Manchester Medical
Society, may, perhaps, be deemed worthy
of a place in your valuable periodical.

Your obedient servant,
JOHN GOODMAN, M.R.C.S.L.

1 t2, Greengate, Salford,
Nov. 20th, 1838.

JOHN GOODMAN, M.R.C.S.L.

After stating the necessity of attending 
to the figure, relative situation, size, tex-

ture, &c. of the heart itself, as well as the
structure and integrity of its surrounding
walls, in attempting an explanation of its
modus operandi, I proceeded, cursorily, to
describe its figure and relative situation.
Size.-I next stated that the size of the

heart was subject to considerable variatiun,
but that to agree with the views stated in
the following pages it is necessary that the
heart should be of such a magnitude, in
every animal, that the ventricles, during a
perfect dilatation, should very nearly occupy
the whole of the antero-posterior diameter
of the pericardium, the empty and com-
pressed auricles occupying the remainder;
or, in other words, that the fully dilated
ventricles and compressed auricles should
completely fill the whole of the pericar-
dium.

Texture.&mdash;Tbe ventricles of the heart are
admitted,at all hands, to be decidedly mus-
cular. The auricles are not, however, so
unequivocally muscular, except at their ap-
pendices, as to remove all doubt on the sub-
ject ; and it is my iiitention to show that,
in the action.of the heart, there is no neces-
sity for muscular fibres in the parietes of
the auricles. The natural muscular arrange-
ment of the ventricles is such, that the state
of rest is identical with the state of dilata-
tion of the ventricles. If the auricles were
also admitted to have their states of mus-
cular contractions and repose, the state of
rest would be during the contraction of the
ventricles, and vice versd.
The surrounding walls of the heart may

be divided into two,-the external, or bony
arch, and diaphragm ; the internal, or peri-
cardium.
The outer walls, or bony arch, possess

such strength of material, and peculiar con-
vex form, that the pressure of the atmo-
sphere, generally understood to be 15lbs.
on every square inch of surface, is firmly
and perfectly sustained by this mechanism,
and the contained viscera are protected from
its influence. Not only docs this protect-

ing arch resist the force of external pres-
sure ; but it is also capable, to a certain ex-
tent, of expanding itself, and producing a
partial vacuum within its parietes. The

diaphragm, or floor of this cavity, is also
able to resist the power of atmospheric pres-
sure, although of muscular construction.
The bony arch, by its unyielding structure,
presents itself to the oppressing forces with
the firmness of the oak, in an arched and
resisting form, while the more yielding dia-
phragm, like the willow before the wind,
bending beneath the atmospheric pressure,
presents a concave, but still resisting and
equally protecting surface.

Internal Walls.&mdash;The internal wall sur-
rounding the heart, or pericardium, is a

strong fibro-serons membrane, &c., and will
also resist to some extent the pressure of
external viscera. To illustrate the extent
to which the lungs might be capable of en-
croaching within the pericardium, I removed
the heart, during a post-mortem examina-
tion, through an opening in the diaphragm,
without injuring the bronchi, sternum, ribs,
spine, or pleurae. I inserted a tube in the
trachea, rendered it air-tight, and inflated
the lungs to the utmost extent, but the peri-
cardium remained, apparently, of an equal
capacity to that observed before the com-
mencement of the inflation.
The next point is, that the distance be-

tween the spine and sternum, or the
antero-posterior diameter of the pericar-
dium, in ordinary respiration, does not

vary considerably. In one individual, mea-
sured with callipers from the spine to the
cartilages of the sixth rib, or the point where
the apex of the heart was then beating, the
chest only expanded one-eighth of an inch
in an ordinary inspiration. In another indi-
vidual it varied from one-eighth to one-quar-
ter of an inch in ordinary inspiration, and at
the sternum tiiree-eighths of an inch during
a full inspiration. In no instance, however,
does the chest ever fall in during the con-
traction of the heart, the increase and de-
crease in the antero-posterior diameter of
the pericardium being alone altered by re-
spiration, and not by ventricular contrac-
tion. The first movement which takes
place in the adult heait is the contraction
of the conjoined ventricles ; but as there
are some evident facts connected with mus-
cular and material contractions it may be
well first to take these into consideration.

1st. That muscular fibres are invariably
found shortened during their contraction,
and, at the same time, not at all, or incon-
siderably increased in volume.

2nd. That in whatever situation a num-
ber of muscular organs are put in motion, an
increased supply of blood to and from the
neighbourhood of the muscles so exercised,
is a commonly acknowledged phenomenon.

3rd. If we look around to Nature for ex-
amples of the shortening or lengthening of
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any material substance, we find, in some
instances, that bodies, as the metals, &c.,
lengthen by the application of heat, and
shorten by its removal ; that others, as

wood, &c., become distended by the absorp-
tion of fluids, and contract again when dry ;
others again, as the sensitive plants, appear
to be capable of contracting and expanding
by their peculiar structural arrangement.
It is admitted, at all hands, however, and
is one of the primitive, and most established
laws of the material universe, " That in no
one instance do the ultimate particles, or
elements of matter, ever penetrate one ano-
ther ;" and, in the generality of instances,
the encroachment of a subtle fluid between
the particles or fibres of bodies produces the
distention, and by the removal of which the
contractions of bodies is the immediate con-
seauence.

Finding, therefore, that the supply of
blood to a muscle, in a state of action, is
always in increased quantity, and the return
in the same ratio ; that the length of the
muscle so acting is shortened according to
the extent of that action, there being at the
same time, apparently, no increase in the
volume of the same to account for the dimi-
nution in length ; and for several other’’pa-
sons, I have arrived at the purely specula-
tive conclusion, that the primitive muscular
fibre is composed of an extremely minute
cellular structure of, probably, globular
cells, arranged longitudinally in its sub-
stance, and for the purpose of receiving and
being distended by arterial blood. That the
fibrous wall surrounding each sanguineous
cell is possessed of contractile power,
under the immediate influence of nervous
energy; the contractile appearance observ-
able in the corrugations of the skin by the
application of lime-water, acids, astringents,
&c., being sufficiently extensive to assume

an analogous condition. That, upon the con-
traction of the wall of each cell, the con-
tained blood is wholly or partially ejected
into the veins, producing in them an in-
creased flow (as is particulariy recognised
in venesection), and as the cells are dis-

posed longitudinally, so the lessening in
volume of each cell will be followed by the
shortening of each fibre in which they are
arranged, and this effect, in the aggregate,
is the sole cause of the visible and exten-
sive contractions of the muscular system.
Suppose, then, the contraction of the ven-
tricles to take place, upon the volume of
blood contained within them, thus discharg-
ing it at once through the aorta and pul-
monary vessels, the consequence must be
a decrease in the size or volume of the

conjoined ventricles. This diminution in
volume of the ventricles is the main point
in the physiology of the heart’s action, and
one of two circumstances must be the in-
stantaneous result : either the anterior walls
of the pericardium must give way, and fol-

low the contraction of the ventricles, or a
vacuum must take place betwixt the apex
of the heart and the sternum it has now re-

linquished. That the walls of the chest do
not give way in the adult and close upon
the contracted ventricles is a well known
fact, therefore a vacuum ensuing betwixt
the apex of the heart and the anterior wall
of the pericardium, we shall have two forces,
and those of no ordinary magnitude, operat-
ing to fill the vacuity.

In this closed and air-tight glass vessel
C, which is intended to represent the peri-
cardium, and in which are inserted the two
Indian-rubber bags A, B, totally unconnect-
ed with each other, no decrease in size
can take place (by exhaustion through the
tube e) in the bag A, without an imiiie.
diate dilatation to a similar extent of the
bag H, by the pressure of the atmosphere
to which B is exposed by the open tubef.
By removing the contents of the vessel A,
we produce a partial vacuum in the vessel
C; the loss can alone be supplied by the
tube f, during the exhaustion of A, and con-
sequently we have the pressure of the at-
mosphere exciting its influence to fill B, to
an extent equal to that to which A has di.
minished. A is intended to represent the
conjoined ventricles, and 13 the conjoined
auricles of the heart. During the contraction
of the ventricles, and existence of a vacuum
in front of the apex of the heart, then, we
have the atmospheric pressure exerting its
infltienea upon every vein throughout the
system, to force their contents into and to
produce the dilatation of the auricles. We
have also a second power aiding and assist.
ing the atmospheric pressure, viz., the vis a
tergo, or force which the venous blood de-
rives from the arterial system.
This apparatus, which consists of an air.

tight glass vessel, or pericardium, C, con-
tains two oiled bladder vessels; the one, A,
is intended to represent the conjoined ven.
tricles, and communicates by the curved
tube, and the cock g, with the exhaust-

ing syringe of an air-pump. The bladder
B is intended to represent the auricles,
and communicates with the atmosphere
when the coch f is open; the cock j opens
communication between the atmosphere and
internal of the pericardium. If we now
shut j and f and exhaust the bladder A, s

Fig. 1.
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as to completely empty it, there will be a
vacuum in C to the extent occupied at pre-

FiH 2.

sent by the bladder A. If we then open f,
and allow the pressure of the atmosphere
to communicate with the bladder B, it will
become immediately distended, and will, in
so doing, propel forward the septum D and
exhausted bladder A to the upper part of
the vessel. In this manner the conjoined
powers produce, by the rushing in of blood
and distention of the auticles, the projec-
tion forwards of the anriculo-ventricular
septum, together with the contracted ven-
tricles through the vacuitous portion of the
pericardium ; thus filling the vacuum and
producing the impulse of the heart, by caus-
ing its apex to strike the posterior surface
of the cartilage of the sixth rib, in a similar
manner that the piston in the condensinr 
engine is, by the power of the steam, carried
with terrific violence through the vacuitous
portions of the cylinders. Having, then, this
force of blood rushing into and distending
ti,e auricles, their parietes must. of neces-
sity, become distended to the very limits of
the vacuum; and as a bottle blown at the
glass-house assumes the identical form of
the mould in which it is enclosed, so the
dilated auric)es will at once assume the ex-
act form of the posterior portion of pericar-
dium hitherto occupied. by the base of the
ventricles with collapsed auricles, at once
accounting for that peculiar form of the

appendices which has procured for them the
epithet &laquo; aui-es caninae."

In examining the base of the heart, we
find the origin of the aorta in the exact cen-
tre ; immediately above it that of the pul-
monary artery, and on each side, surround-
ing the bases of these vessels, we have the
auricles and their appendices beautifully
filling up and covering the whole base of
the heart, for the purpose of producing an
uniform distention posteriorly, and filling
up the space just alluded to. The use of the
aricular appendices appears to be intended
chiefly for the purpose of giving free motion
to the arch of the aorta. If the entire form
of the auricle were that of a hag without
appendix, united along its whole extent to
the ba.se of the ventricles, to its feltow, and
to the origiti of the aorta, which must of

necessity pass through the same, we should
have a decided extension or retraction of
this firm and important vessel, to the extent
of at least one inch, during the dilated and
exhausted condition of the auricles, seeing
that it would have to extend, at all periods,
from the back of the auricles to the auriculo-
ventricular septum. But by this beautiful
arrangement of the appendices unconnected
to the aorta, pulmonary artery, or ventricles,
we have a facility afforded for the use of
the whole arch of the aorta during the
movements of the auriculo-ventricular sep-
tum.

Dr. Hope (I believe) declined giving an
opinion upon the cause of the impulse of
the heart, but states, page 42,&mdash;" When the
heart of an animal, as a frog, rabbit, dog,
turtle, &c., is detached from the body be-
fore organic life is extinct, and placed upon
a table, it continues to act, and each con-
traction elevates the apex ;" and, page 43,&mdash;
" During the state of relaxation the heart
lies collapsed and flattened, with large ex-
tent of surface applied to the table ; on coil-
tracting it starts up, and, assuming a more
rounded form, is sustained by a compara-
tively small point of contact, and the apex
is consequently elevated." In another page,
- &laquo; In proportion as the ventricles contract
to their extreme, the apex is thrown more
and more forward by the auricular disten-
tion, advancing in the same proportion to its
extreme."

According to Bertin,&mdash;" The dilatation or
distention of the auricles is the cause of the
heart being carried forwards, so as to beat
between the fifth and sixth ribs."&mdash;p. 30.
Magendie says, vol. ii., p. 70,&mdash;" The dis-

placement forwards of the heart, during the
ventricular systole, has given rise to a long
and obstinate controversy. Some pretend
that the heart shortens during contraction,
others maintain that it lengthens, and that
it ought necessarily so to do., Bassnell, how-
ever, showed, that if the heart lengthened
in the systole, the mitral and tricuspid
valves would not be able to shut the auri-
culo-ventricular openings. Sennc showed

(says he) that this phenomenon depended
on three things,-

" 1. The dilatation of the auricles, which
is made during the ventricular contraction.

" 2. The dilatation of the aoria and pul-
monary artery, in consequence of the intro-
duction of the blood propelled thither by
the ventricles.
" 3. The erection of the arch of the aorta

produced by the contraction of the left ven-
tricle."
That the auricles of the natural heart are

sufliciently dilateable to produce a projec-
tion forwards of the apex, is exhibited with
facility by tying up all the vessels proceed-
ing from the same, except one of the venas
cavse, and inserting a tube into the latter,
the two auricles being made to communicate
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with each other. This heart (one exhibited) the contraction of the ventricles, and is con.
has been thus dealt with, and by blowing sidered instantaneous, I think the former
into its conjoined auricles you observe an of these conclusions, although by far the
immediate starting forwards of the apex. most probable, yet greatly inadequate to
The contraction of the animal ventricle is of account for the dilatation of the ventricles.
necessity much more rapid than the dilata- I have, therefore, again adopted a specula-
tion of the auricle, and, in consequence, the tive conclusion, which, if my view of mus-
vacuum is formed before the auricle can cular contraction, as before stated, prove
possibly be distended, which is evinced hy correct, will at once establish the cause of
the blow on the chest, for it is impossible this phenomenon ; it is, that the aorta and
a blow can be struck unless the hammer be great vessels being distended by the contents
first raised from the anvil. The power, also, of the ventricles during their contraction,
by which the ventricles contract is infinitely immediately, or on the cessation of the ven-
superior to that by which the auricles are tricular systole, either by elasticity or mus-
filled. For instance, the ventricles propel cular contraction (hitherto undecided), pro-
the sanguineous fluid against the whole pres- ject their contents forcibly into every com-
sure of the atmosphere throughout the body, municating artery throughout the system,
overcome the whole elasticity of the arterial and in so doing inject, as the first branches
system and animal structure, and after all given off, the nutritious arteries of the heart
produce the vis a tergo of the veins. itself, and, with a force, the immediate echo
The next subject that demands investiga- of the ventricular contraction, distend the

tion is the question-Do the auricles con- muscular fibres, and produce the dilatation
tract by their own muscular power or not? of the ventricles. We will now take into
It has already been sufficiently shown (fig. 1) consideration what would be the result of
that the auricle is dependent upon the ven- removing a portion of the walls of the peri-
tricle for its increase or decrease in volume. cardium for the purpose of watching the
We find, if we open the valve of fig. 2, action of the heart, a method always resorted
thereby opening the bladder B to the action to by experimentalists who have written
of the atmosphere, and exhaust or dilate the upon this subject. If we open the orifices
bladder A, that no change can take place in g and j of fig. 1, or fig. 2, so as to let the at-
the volume of the bladder A without a cor- mosphere into the pericardium, and then at-
responding one of the opposite character ternpt to fill the auricle by exhausting the
immediately ensuing in the bladder B ; if ventricle, or to empty the auricle by filling
A empties, B fills ; A filling, B rapidly the ventricle, we find that there is now no
decreases, &c. It is apparent, therefore, change in the auricle corresponding to that
that there is no necessity at all for muscular of the ventricular movement, the pressure of
fibre in the parietes of the auricles, for faci- the atmosphere being equally active within
litating or producing the action of the heart. and without the pericardium, and no longer
It is, however, evident that the appendices assisting in the propulsion forwards of the
of the auricles do possess true and well apex. If we remove the glass pericardium
developed muscular fibres, and it appears entirely, and apply a dilating power to imi-
that they are situated here for the purpose tate the vis a tergo, and by this means pro
of opposing obstruction to the emptying duce the distention of the auricle, we find
their contents. Being louse and floating in that as long as this power is now applied
the pericardium they might probably be- the ventricle may be exhausted, or contract-
come entangled, and if we also pay attention ed, to any extent, without affecting in the
to the manner in which they are emptied least the fulness of the auricle. It is, there-
we shall see here that their distention would fore, very evident that the heart cannot be
be produced at each diastole of the ventri- seen in its natural state of action after the
cleshy pressure on their outlet. pericardium has been punctured; and, in
The next object for consideration is the corroboration of this statement, we will

third and last action performed by this organ, refer to the words of Dr. Hope and others,
viz., the apparent relaxation of the muscular when describing the motions of the heart as
fibres, and distention of the ventricles, at seen during experiment.
once receiving the contents of the auricles, Dr. Hope says, "The auricle never emp-
and repelling the auriculo-ventricular tied itself, and its contraction was always
septum to its normal situation. Some very inconsiderable ; the anterior edge and
authors attribute this phenomenon to the surface were seen to retract with rather a
elasticity of the muscular structure of the sudden motion, but as the extent of the
ventricles ; others, again, anirm that the motion was very inconsiderable it had the
distention of the ventricles is produced by appearance of being feeble."
the muscular contraction of the auricles. Again, page 8, he remarks, "I had
When we consider, however, that the dilata- observed in the frog, when the heart was
tion of the ventricles occupies but one-fourth acting slowly, the ventricular systole was
the period required by the whole motion and followed by a diastole and partial distention
rest of the heart ; that it is reported, indeed, with blood, independent of the auricular
to be performed in half the time required for contraction, and remained quiescent till
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again stimulated by auricular contraction." ing the part of a true reservoir. The advan-
In another page, 31, he says, "The move- tages of a knowledge of the true modus ope-
ments of the ventricles, with their corre- randi of the heart must certainly throw con-
sponding sounds, continued perfect while siderable light upon the diseases of this
the auricles were motionless." organ. According to the views herein
Between page 31 and 36-" The auricles adopted we have, in hypertrophy, the more

evidently contract before the ventricles, and rapid and energetic contractions of the too
are instantly followed by the systole of the powerful ventricles, producing a greater
latter; there is an interval of repose dis- remove of the apex from the parietes of the
tinctly between the ventricular diastole and chest, i.e. much more rapidly than the auri-
auricular systole. Such (says he) were the cles can be filled ; a greater vacuum is the
phenomena observed during the short result, and, consequently, a greater intensity
periods when the motions of the auricles of impulse, in ratio according to the extent
were regular, hut for the most part there was of the disease. In dilatation, or debility of
either no perceptible motion in them, or the the ventricular walls, from any circum-
motions were irregular, and bore no relation stance, the feeble contraction of the ventri-
whatever to the ventricular movements." cles will produce a withdrawal of the apex

In further experiments he remarks, 11 The so deliberately that the combined powers
auricles contract very slightly, and princi- fill the auricles as rapidly as the former con-
pally at the appendix, the motion running tract ; the apex will, therefore, remain at its
vermicularly into the ventricular systole." destination during the whole action, and no
Again, 11 when several irregular ventricular impulse will be produced. In cases of
contractions followed each other rapidly, apparent death and fainting, also, where the
the corresponding diastoles were attended heart cannot be felt, and yet life remains, a
with a slight retraction of the auricles most similar mode of reasoning will account for
conspicuous at their sinuses. This pheno- the continued and imperceptible action of
menor. proceeded from the increased suction the heart upon the same principle.
of the blood by the ventricles." I will now briefly, in conclusion, sum up,
At page 36-" The auricles are constantly in a condensed form, the principle proposi-

full, their motions ranging between fulness tions which I have been attempting to lay
and distention. Mr. Brodie (now Sir Ben- before you, the first vf which is,-That the
jamin Brodie) also testifies," says Dr. Hope, external walls of the pericardium are capable,
"that he never found the auricles completely to a certain extent, of sustaining the pres-
empty themselves, nor did he in dogs, rab- sure of the atmosphere, and protecting their
bits, &c., ever observe in them any regular viscera from the influence of its action ;-
systole, corresponding to and alternating That the full ventricle and empty auricle,
with that of the ventricles. He observed or the heart, as it is generally met with, oc-
slight contractions of the auricle, especially cupies naturally the whole of the pericardial
of the appendix, for one of the ventricle." space ;-That the ventricular contraction
Laennec remarks, " The draught of blood produces a decrease in the volume of the

from the auricles during the diastole causes heart;-That this decreasing in volume pre-
the slight retraction observable at this duces a momentary receding of the apex
moment." from the sternum, &c., and, as the latter
Magendie speaks of " A decided contrac- does not follow the contractions of the ven-

tion of the auricles, alternating with that of tricles, causes a momentary vacuum in front,
the ventricles, and expelling, by contraction, or the fore part of the pericardium ;-That
the blood they contained." the pressure of the atmosphere, and the
The use of the auricles appears to be to power termed vis a tergo, jointly produce a

give facility to the ventricular contraction rushing of blood into the auricles at the base
by becoming distended partly during, and of the heart, and thus propel it forwards to
immediately after, the systole of the ven- fill the vacuity, and, in so doing, the apex
tricle, and thus preventing the formation of strikes the pericardium behind the cartilage
so great a vacuum as would necessarily of the sixth rib, producing what is termed
result from the lessening of the ventricle. the impulse of the heart ;-That there is no
If the piston of a common pump, for ex- necessity for muscular structule at all in
ample, whose column of fluid was only two the auricular walls for the accomplishment
yards in depth, were raised, water not being of either their contraction or dilatation, ex-
allowed to follow the stroke, the force re- cept that of the floating appendices ;-That
quired to work the piston would be equal contraction and dilatation of the auricles
to the height of a column of fluid thirty feet, take place in the living animal to the
or five times as great as if the water follow- same extent as in the systole and diastole of
ed freely the rising of the piston. The auri- the ventricles, but that these changes cannot
cles are also of considerable use in affording occur in a natural manner after the opening
a facility for the immediate filling of the of the pericardium, and, therefore, that any
ventricles, receiving, at each contraction of deductions, depending upon the seen action
the latter, a supply of blood exactly equal to of the heart, must possess an erroneous ten-
that parted with by the ventricles, and act- dency.


